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ABSTRACT
Studies were initiated to further establish the pathogenicity 
of the tarnished plant bug, Lygus lineolaris (P. de B.) through 
histological examination of cotton callus tissue grown in vitro 
after having been fed upon by adults from five species of caged 
host plants.
Evaluation of tissue damage indicated that there was a highly 
significant difference in the influence of previous host upon the 
ability of the tarnished plant bug to injure cotton tissue. Adult 
tarnished plant bugs collected from the field and those caged on 
white clover, Trifolium repens L. caused more feeding injury to 
cotton callus tissue than adults caged on Lepidium virginicum L.; 
cotton, Gossypium hirsutum L. var. Stoneville 7A; Erigeron 
philadelphicus L.; or oats, Avena sativa L. var. Victorgrain. The 
adults caged on Erigeron philadelphicus L. and oats caused the least 
feeding injury of all insects caged on the host plants, and this was 
especially true of those caged on oats.
When comparing males to females from all host plants, there 
was no difference observed in their ability to injure cotton tissue.
viii
INTRODUCTION
The tarnished plant bug, Lygus lineolaris (P. de B.) has been 
reported as a pest of many flowering plants, most deciduous and 
small fruits, several vegetable crops and other crops such as 
alfalfa and cotton.
In Louisiana, damage to cotton and growth abnormalities are 
often observed in some fields where heavy populations of the 
tarnished plant bug have developed. On the other hand, such 
abnormalities fail to develop in other fields where equally heavy 
populations have occurred.
It is known that the tarnished plant bug causes pathological 
disturbances in some plants which do not appear to be attributable 
to mere mechanical injury. The manifestations of growth abnormali­
ties in plants subject to infestation by this insect suggest that 
some component(s) of the salivary secretions injected during the 
feeding process may, at times, by phytotoxic.
In studies previously undertaken (Reid, 1965) proteolytic 
enzyme activity in the salivary secretions was found to be variable 
both in degree of activity and in effective pH range. The variation 
of protease activity was shown to occur among different populations 
and within the same population on different collecting dates. Since 
the proteolytic enzyme activity has been suggested as one of the 
potential factors resulting in the phytotoxicity of the salivary
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gland secretions of various Hemiptera and Homoptera (Allen, 1947 
and 1951; Nuorteva, 1955), and that the diet of the insect appears 
to influence decisively the composition of the salivary gland 
secretions (Baptist, 1941; Ketrovich et al. 1944; Nuorteva, 1956b, 
1958a and 1958b), it was felt that further study on this problem was 
warranted.
The primary purpose of this investigation was to determine 
whether previous host plants could influence the phytotoxicity of 
the salivary gland secretions of adult tarnished plant bugs. The 
present studies were initiated to further establish the pathogenicity 
of this insect through histological examination of callus tissue from 
cotton stems grown in vitro after having been fed upon by adult 
tarnished plant bugs from five species of caged host plants.
REVIEW OF LITERATURE
Pekka Nuorteva of the Department of Zoology, University of 
Helsinki, Finland, has done much important work and contributed 
many articles concerning the anatomy of the salivary glands, the 
physiology of the salivary secretions, the phytotoxicity of, and the 
influence of the diet on the nature of salivary secretions of various 
Hemiptera and Homoptera during the period 1952 to 1962. He has pre­
sented an extensive review covering many of the major studies 
relating to the causes of phytopathogenicity by various Hemiptera 
and Homoptera (1962).
Tarnished plant bug injury-to vegetative parts, buds, blossoms, 
fruits and seeds of many crops has been described by many investi­
gators (Crosby and Leonard, 1914; Smith, 1926; Ewing, 1929; King and 
Cook, 1932; Shull, 1933; Carlson, 1940; Baptist, 1941; Baker ejt al., 
1946; MacLeod and Jepson, 1942; Jepson and MacLeod, 1946; Carter,
1939, 1951 and 1962; Davis et al., 1963; and Reid, 1965).
Briefly, the feeding process of the tarnished plant bug is given 
as follows: The tissues of plants and their seeds are punctured by
the flexible needle-like stylets which move in various directions.
The stylets frequently plunge into and withdraw from tissues and 
travel both inter- and intracellularly. Salivary secretions are 
deposited in the plant tissues and to some extent are imbibed by the 
insect with the plant juices.
Flemion et al. (1954) and Flemion (1956) fully described the 
feeding process, and Flemion et al. (1951 and 1952) using radio­
tracer techniques, demonstrated that salivary secretions of the 
tarnished plant bug were deposited in plant tissues. Baptist (1941) 
considered that digestion was the primary function of the salivary 
secretion.
Allen (1947 and 1951) suggested that some insects may cause 
growth changes in plants by injecting proteolytic enzymes such as 
proteases which might chemically release active auxins from protein. 
He gave support to this contention by pointing out the similarity of 
growth changes in plants caused by hormones to effects produced by 
feeding injury of certain insects.
In Hemiptera, Baptist (1941) found a correlation between the 
enzymes present and the components of the diet which were present in 
the greater proportion.
There is evidence that different developmental stages and, at 
times, different sexes of the same species of Hemiptera may cause 
varying pathological effects due to a different set of components in 
the salivary gland secretions. Ketrovich et al. (1944) investigating 
a pentatomid, Eurygaster integriceps Putt, which feeds on wheat, 
showed that active proteases appear in the salivary glands at the 
time the insect ceases to feed on green plant parts and begins to 
feed on wheat kernels. Nuorteva (1956b) showed that proteases are 
lacking in very young nymphal stages of Miris dolabratus L., but that 
they appear when the nymphs are approximately 6 mm. in length.
Proteases occur in the adult females of this species but are lacking 
in adult males.
An adaptive enzyme capability in Hemiptera and Homoptera is 
suggested by Baptist (1941) and is especially emphasized by 
Nuorteva (1958a). The previous host or feeding site on the plant 
used by the insect appears to influence decisively the enzymatic com­
position of the salivary gland secretions (Nuorteva, 1958b).
In addition to suggesting an adaptive enzyme capability in some 
Hemiptera and Homoptera, it has been suggested that at least some of 
the toxic substances in the salivary glands of injurious species 
originate from the host plant rather than from the insect. Carter 
(1962) states that the action of these various components derived from 
a host plant and transferred by the oral secretions of the insect into 
another host will be either complementary or antagonistic in their 
action on plant tissues.
Various substances, such as enzymes, amino acids and plant 
hormones can be absorbed from the midgut by the haemolymph and con­
centrated in the salivary glands of some Hemiptera and Homoptera 
(Nuorteva, 1955, 1956a and 1962; Nuorteva and Laurema, 1961). Plant 
auxins have been determined to be present in extracts of certain 
aphids after they fed on plant varieties that were susceptible to 
injury; however, auxins were not present in these same insects when 
they fed on plant varieties that were tolerant to injury (Maxwell and 
Painter, 1962). Some mirids are able seemingly to transfer substances 
from a diet through the midgut to the haemolymph and on to the 
salivary glands without loss of their chemical activity (Nuorteva
1955). Plant auxin, indole-3 acetic acid, was shown by Nuorteva 
(1956a) to be transferred in active form from a synthetic diet of 
10% sucrose plus 0.02% indole-3 acetic acid to the salivary glands 
of a mirid, Stenodema calcaratum L. Various amino acids can be 
transferred in a similar manner to the haemolymph and salivary 
glands of some Hemiptera after the insects have fed on a diet con­
taining these amino acids in a sucrose solution (Nuorteva and Laurema 
1961).
Knox ej: al. (1956), reviewed and discussed adaptations in 
animals which occur during the life of the individual, and they 
point out that the limits to which an individual can adapt is set 
by the animal's genetic potential. These same authors reported that 
some of the changes in enzyme concentration observed with seasonal 
change may be explained by hormonal and dietary variations with the 
season.
In studying proteolytic digestion in adult Aedes aegypti, Fisk 
(1950) and Fisk and Shambaugh (1952 and 1954) found that diet 
influenced an increase or decrease in levels of certain enzymes above 
and below certain residual values. Fisk and Shambaugh (1952) listed 
three possible means by which they believe changes in certain enzy­
matic levels may take place: "1.) Secretogogue - that the foods
themselves stimulate secretion, 2.) Nervous system stimulation - the 
act of feeding or detection of food or the presence of food may set­
up a nerve reflex to which the secretory cells will respond, and
3.) Hormonal - like the nervous mechanism except that feeding results 
in production of’a hormone and acts through the haemolymph."
The feeding sequence of the insect or the different tissues of 
the plant fed upon by the insect, then, may possibly affect its 
capacity to induce phytotoxic symptoms. Saxena (1954) reported 
that phloem feeding insects feed primarily upon Gramineae while 
mesophyll feeders do not feed primarily on the grasses but on plants 
such as potato, cotton, Hibiscus etc. The enzymatic content of the 
salivary secretions of the mesophyll feeders was quite different from 
that of the salivary secretions of the phloem feeders. Adams and 
McAllen (1958) and McAllen and Adams (1961) have shown that there 
are physiological differences in the oral secretions of the same 
species of aphids when fed on different host plants. Kanervo et 
al. (1957) reported that the leafhopper, Calligypona pellucida (F.), 
is the principal cause of severe damage to oats in a particular area 
in Finland although this insect is common throughout that country. 
Leafhoppers collected from the area of oat damage were more injurious 
to oats than were individuals collected from other areas in the 
country. Nuorteva (1958a) compared the two leafhopper populations 
and found that a plant growth inhibiting substance was present in 
the salivary glands of insects of the population from the area of 
oat damage, but these substances were absent or present in only very 
low amounts in the salivary glands of insects of the population from 
outside the area of oat damage.
It is interesting to note that Nuorteva did not find proteases 
or amylases in the salivary glands of this leafhopper from either 
population; he did, however, observe growth inhibition from the 
insects collected from the area of oat damage. Nuorteva said, "In
discussions on the nature of the plant-injuring salivary toxins of 
phytophagous insects, the possible role of proteases and amylases 
has often been emphasized and in some cases it seems evident that 
these enzymes are the principal cause of disease symptoms in the 
plant."
Nuorteva (1959) suggested that the differences between these 
populations might lie with differences in the insects' food since 
the years of severe oat damage could be positively correlated with 
the years of intensive timothy seed production in that area. Further­
more the cultivation of timothy seed in Finland was confined to the 
same area where oat damage occurred. This, then, suggested the 
possibility that timothy cultivation may be indirectly responsible 
for the outbreak of oat damage.
Nuorteva (1962) under controlled conditions, studied the effect 
of populations of Calligypona pellucida feeding on oats, timothy and 
clover, as well as several artificial diets on the development of 
subsequent oat damage. In this investigation d-valine, which is an 
unnatural isomer, and gibberellic acid, when present in the diets of 
this leafhopper, significantly increased the damaging effects of 
Calligypona pellucida on oats. On the other hand, indole-3 acetic 
acid in the artificial diet decreased the oat damaging potency in 
Calligypona pellucida.
In studying the phytotoxin-inducing capacity of different host 
plants, Nuorteva (1962) set up isolation cage experiments to deter­
mine the phytotoxicity of insects collected from different host 
plants in the field as well as from specimens which had lived for
"some time" in cages on different host plants. The results of these 
studies seemed to indicate that oats induced the development of the 
most damaging specimens of Calligypona pellucida and not timothy, 
as had been anticipated. It was established, however, that oats 
growing in proximity to timothy were more damaged since timothy 
maintained the largest population of this leafhopper and produced 
the greatest number of migrants to the oats in the next cage.
It was also reported by Nuorteva in this paper that there 
were no great differences in the damaging effects of specimens col­
lected from oats and from timothy-clover fields.
In summarizing the diseases caused by salivary phytotoxins, 
Nuorteva (1962) reported that only female Calligypona pellucida 
caused the disease and that the damaging effect was influenced by 
the diet and further that clear expression of the disease was most 
obvious in oats growing in suboptimal growing conditions.
The employment of plant tissue culture has been utilized only 
to a limited extent in the study of insect feeding, plant diseases 
caused by microorganisms, plant viruses and nematodes. Maramorosch 
(1965) reported on the use of plant tissue culture in the study of 
leafhopper borne viruses. Viruses and other pathogenic agents in 
pilant tissue cultures have been investigated by Black (1956).
Doliver et al. 1962, utilized plant tissue culture to grow and study 
the reproduction of certain nematodes. Various authors have used 
plant tissue culture to investigate and to experiment with tissues 
of pathological origin (Hildebrandt, 1951; Braun, 1962; Risser and 
White, 1964).
No reports on the utilization of plant tissue culture to study 
the phytopathological effects of feeding of insects in the Hemiptera 
or Homoptera have been located in the review of the literature. And 
even though undifferentiated callus tissue has been grown from root 
and stem tissue of various plants such as tobacco, carrot and soybean 
as well as others (White, 1943; Muraschige and Skoog, 1962; Miller, 
1965), no reference was found to indicate that callus from cotton 
stems had ever been successfully grown in vitro.
METHODS AND MATERIALS
Isolation Cage Studies
These studies were made during 1966 and 1967 at Baton Rouge, 
Louisiana. Host plants used were selected from common wild and 
cultivated hosts of the tarnished plant bug in Louisiana, with the 
exception of oats which was not considered to be a typical host for 
this species.
The host plants used were cotton, Gossypium hirsutum L. var. 
Stoneville 7A; oats, Avena sativa L. var. Victorgrain; peppergrass, 
Lepidium virginicum L.; daisy fleabane, Erigeron philadelphicus L.; 
and white clover, Trifolium repens L. The plants were started from 
seed in the greenhouse or were collected in the field and transplanted 
in pots prior to placing them in the soil where the cages were placed 
over them.
In all cases the soil for the various host plants was Olivier 
fine sandy loam from the "Hill Farm" on the LSU campus at Baton 
Rouge, Louisiana. The plants were placed under the cages and were 
permitted to become adapted to the cage environment before the test 
insects were introduced.
The cages (Fig. 1), were constructed of a 2" x 2" wooden frame 
with finished dimensions of 27 1/2" x 21 1/2" x 36" high. One side 
of each cage had a full length glass window in a door that measured 
12" x 30" which was fastened to the cage frame by two 1 3/4" hinges.
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Figure 1. Front arid side view of the isolation cages used over the 
various hosts.
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The sides of the cage were covered with nylon screen, 0.75 mm mesh, 
and the top was covered with clear, 6 mil., polyethylene sheeting.
Each cage was provided with a 5" diameter cloth sleeve placed about 
one-half the height of the cage on the side next to the door-window, 
to facilitate introducing and collecting insects without opening the 
door. The cracks around the door were plugged with cotton, not only 
to prevent the escape of the caged insects but also to prevent the 
entry of predaceous insects and spiders.
The plastic sheeting material on top of the cages was used 
primarily to protect the inside of the cages from rain. The bottoms 
of the cages were open and placed down into the soil over the host 
plants.
Two systems of watering the caged host plants were used. The 
first was accomplished by pouring a measured amount of water through 
a 1/2" diameter host that had been mounted through a hole in the 
frame. This method was later abandoned in preference to the second 
method. The second method consisted of a type of subirrigation (Fig. 2). 
The cages were placed on a soil ridge near a ditch 18" wide and 12" 
deep. The ditch was covered with a wooden planking material to make 
a walk in front of the cages. The ditch could be filled with water 
periodically when natural rainfall was insufficient to maintain 
desired moisture conditions. This method proved to be satisfactory 
in that the soil around the root systems of the host pi. nts was always 
moist and the humidity level inside as well as outside the cages was 
increased.
Figure 2. Schematic view of the isolation cage set-up showing 
the watering ditch.
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The host plants were fertilized with 8-8-8 N-P-K granulated 
.fertilizer when deemed necessary. Overall plant growth was good 
in all cages under these conditions with the exception of white 
clover which tended to have a diminished growth rate as the days 
became longer and the temperature became higher.
Pure stands of host plants were maintained in the cages by 
removing the weeds as they emerged. The weeds in the immediate 
vicinity outside the cage were removed periodically, but plants 
farther away from the cages were permitted to grow since it was felt 
this might help increase the humidity and possibly aid in lowering 
the temperature in the area in which the cages were located.
The insects used in these studies were collected by sweep net 
from a white clover field south of Baton Rouge, Louisiana on June 6 
and June 13, 1967. Other plants such as Lepidium virginicum, 
Rudbeckia serotina and Rumex crispus were growing in this clover 
field.
A padded aspirator was used to facilitate handling the insects 
in all field collections and transfers to and from isolation cages. 
After collecting the insects in the aspirator they were placed in a 
special holding box that greatly aided in keeping the insects alive 
and in permitting visual sexing of individuals when necessary. The 
holding box was approximately 12" square with the bottom and back of 
1/4" plywood, the front glass, and the top and sides of black rubber 
with holes cut to accommodate one pint ice cream cartons in which the 
original bottoms had been replaced with nylon screen. Good ventila­
tion, which was extremely important in working with this species,
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was maintained by directing an air flow from an automobile vent 
window or a fan toward the nylon screen "windows" on one side of 
the holding box. One of the cartons could be removed so that the 
aspirator hose could be introduced into the box. Since this species 
is positively phototaxic the individuals congregated on the back of 
the glass front. In this position they were sexed visually and 
collected with the aspirator.
Some of the insects collected from the field were permitted 
to feed on cotton callus tissue on the date of collection. Other 
insects were placed in the isolation cages which had been placed over 
the various host plants.
On June 6, 1967, 200 adults and 6 to 8 first and second instar 
nymphs were placed in each cage. On June 13, 1967, an additional 125 
adults and a variable number of first and second instar nymphs were 
placed in each cage.
At the time the test insects were introduced to the caged host 
plants, and during the period of time while they were permitted to 
feed on these plants, cotton and peppergrass were flowering and 
fruiting; white clover had a few dried seed heads but was not flower­
ing; one older clump of oats had produced seed on three small 
inflorescences, but all the other plants were growing vegetatively; 
daisy fleabane was growing entirely in the vegetative stage and 
produced no flowers or seed during the test.
Tissue Culture
Callus tissue from cotton stems was successfully grown in vitro 
during the summer of 1966 and 1967, using two different artificial 
media.
The revised medium for tobacco tissue of Muraschige and Skoog 
(1962) and the basal medium of White (1943) were used (Tables I and 
II, respectively). Both proved to be satisfactory media for the 
growth of cotton callus tissue. However, the medium of Muraschige 
and Skoog (1962) was superior, in that it produced more callus tissue 
in a shorter period of time. This medium was used to grow the cotton 
callus tissue used in this study.
To make stock solution for the revised medium for tobacco tissue 
of Muraschige and Skoog (1962) (Table I), ten acid-cleaned 125 ml 
Erlenmeyer flasks were numbered and placed on the table of the work 
area. One hundred ml distilled water was placed in all the flasks 
except flask IX which was left dry. The chemical constituents were 
weighed and placed in the respective numbered flask, ascertaining that 
each constituent was completely in solution before adding the next 
one if there was more than one constituent.
IAA (indole-3 acetic acid) was placed in the dry flask IX, 
then dissolved with a small amount (less than 1 ml) 95% ethyl alcohol. 
This solution was further diluted with 100 ml distilled water.
All solutions were kept in the refrigerator until used.
The kinetin solution was autoclaved each time so that the 
chemical would go into solution.
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When a liter of nutrient medium was made, one-half liter of 
water was placed in a 1 liter Erlenmeyer flask. The stock solutions 
in the amounts given in Table I were added in the order in which they 
appear except the kinetin solution which was not added until later. 
After the sucrose and agar had been placed in the flask, sufficient 
water was added to give a 1 liter volume. The flask of nutrient 
solution and the kinetin stock solution were capped with foil and 
placed in a live steam autoclave for 10 minutes at 15 psi and at a 
temperature of 120°C.
Kinetin stock solution was then added and the nutrient solution 
thoroughly mixed. After mixing, 20 ml of the hot nutrient solution 
were placed in 50 ml Erlenmeyer flasks. These flasks were plugged 
with cotton plugs as rapidly as possible to prevent excessive water 
loss due to evaporation which could alter the concentration and pro­
duce erratic results.
The cotton plugged flasks of nutrient solution were autoclaved 
in a live steam autoclave for 20 minutes at standard autoclave tempera­
ture and pressure. The flasks of nutrient medium were then stored at 
room temperature in darkness until used.
For labeling and dating the flasks for media preparation date,
T>
tissue inoculation date and tissue transfer date, a Marks-a-lot pen 
was found to be very satisfactory since it stays on well but cleans 
off easily in hot soapy water. Grease pencils did not perform nearly 
as well in this respect.
When cleaning a flask of medium that had been used, it was found 
that adding about 30 ml hot tap water to the flask greatly facilitated 
removal of the old semi-solid medium.
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Chemical laboratory detergent or Dreft was found to be 
satisfactory for cleaning flasks. The cleaned flasks were rinsed 
twice in hot tap water then twice in distilled water.
Field grown Deltapine Smoothleaf cotton was used as the source 
of the stem tissue for all tissue culture utilized in this study.
Six to eight inch sections of the terminal stem of vigorously
growing cotton plants were collected in the field and were immediately
transferred to the laboratory where the leaves were removed by cutting
the leaf petiole at its juncture with the stem with a sharp blade.
These pieces of stem were swabbed with 957. ethyl alcohol then immersed 
R
in a 5% Chlorox solution for 30 seconds, and rinsed with sterile 
distilled water for one and one-half minutes. The prepared stems 
were then placed in an aseptic transfer hood on a piece of sterile 
aluminum foil. The bark was then stripped off in small strips and 
discarded. After this process was completed the stem piece remaining 
was primarily pith tissue with some vascular elements remaining on 
the exterior surface.
Sections of tissue approximately 10 mm long were cut from the 
second and third internode below the terminal using a sterile blade. 
With sterile forceps, 4 of these tissue pieces were transferred to 
a 50 ml Erlenmeyer flask containing 20 ml of semi-solid nutrient medium. 
The cotton plug was replaced, and the flask was removed from the trans­
fer hood, dated, and then placed in a holding cabinet which had glass 
doors. The temperature of the cabinet was 25° to 27°C., and diffused 
light came from an overhead fluorescent light fixture.
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New tissue in the form of small white or frosty clumps was 
observable within a 7- to 10-day period if the tissue piece was 
living. The living tissue pieces were removed at this time and 
transferred to new media, placing 2 tissue pieces in each 50 ml 
flask containing 20 ml of nutrient medium (Plate I). All transfers 
were made under aseptic conditions under a transfer hood.
Three to four weeks after the original inoculation of tissue 
pieces, sufficient growth of undifferentiated callus tissue had 
taken place to permit removal of most of the old original tissue 
piece. Once the old tissue had been removed a single piece of the 
callus was placed on new nutrient medium in the center of the flask 
so that it would be in proper orientation and position to be fed 
upon by the test insect (Plate II).
Feeding Technique
Since aseptic conditions had to be maintained, a method to 
permit the insect to feed on the callus tissue piece inside the flask 
was devised.
The apparatus developed for the purpose consisted of a glass 
tube with a membrane attached to one end (Plates III and IV). This 
membrane had to be capable of withstanding sterilization, yet be 
sufficiently soft to permit penetration by the insects' stylets 
during the feeding process.
Glass tubing 12 mm i.d. and 14 mm o.d. was cut into sections 
approximately 4" long with a glowing hot nichrome wire. The sharp 
edges of each section were removed by flaming.
The membrane material used on the end of the glass tube 
section was Parafilm^. Soon after this membrane material had been 
stretched, it adhered well to almost any clean, dry surface without 
requiring additional adhesives or other securing devices. Once the 
membrane had been stretched to the desired thickness, it was attached 
to a clean glass tube section. The excess membrane material on the 
side of the glass tube was removed so that only 1/8" remained up on 
the side of the tube.
Just prior to use, the glass tube with the membrane attached 
was surface sterilized on the outside in a 5% Chlorox solution for 
2 minutes then rinsed in sterile distilled water for one minute.
Care had to be taken to prevent Chlorox solution or water getting 
inside the tube. If a droplet of liquid was observed inside a tube 
it was discarded.
Once surface sterilization had been completed, the cotton plug 
was removed from a flask containing a piece of callus tissue. The 
membrane covered end of a feeding tube was lowered about 2" into the
neck of the flask. A piece of sterile cotton was placed around this
tube and packed between it and the neck of the flask. This packing 
process provided enough resistance to prevent the tube from slipping 
and falling onto the tissue piece beneath it.
The adult test insects were then introduced into the open end
of the feeding tube, then the open end was closed with a small cotton
plug or some other suitable material. The feeding tube was then 
gently lowered into the flask until it was in contact with the piece 
of callus tissue. The tube was fixed into position when callus
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tissue exerted sufficient pressure against the membrane to cause it 
to slightly protrude inside the feeding tube. Observation for feed­
ing on the piece of callus tissue by the test insect was begun 
immediately.
After feeding was observed the tube was lifted from the tissue 
piece, and the observation was recorded. The flask was returned to 
the cabinet for 40 to 48 hours, then the tissue piece was removed and 
placed in the killing-fixing solution.
Histological Technique
The pieces of callus tissue were removed 40 to 48 hours after 
having been fed upon by the test insect. Upon removal from the 
culture flasks the pieces of callus tissue were placed in FAA solution 
(formalin 5%, glacial acetic acid 5%, ethyl alcohol 50%, in distilled 
water). Plant tissue can remain in this fixing-killing solution 
indefinitely and yield good tissue for histological examination.
Standard histological methods of Sass (1958) were used in these 
studies. Stain materials employed were safranin and fast green. The 
tissue was cut or sliced with a rotary microtome at 10 to 12 microns 
thickness after being embedded in rubberized-paraffin. The 30 to 40 
tissue sections were mounted serially on microscope slides, depending 
on the size of the sections and the size of the cover slips available.
Microscopic observation and evaluation of the test insect 
feeding injury to the cotton callus tissue was made following the 
completion of the slide preparation.
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Table I. The medium used for cotton tissue culture. (After 
Muraschige and Skoog, 1962).
Flask Constituents
Stock Sol. 
mg/100 ml
ml/1
media
H3BO3 620
MnS04*4H20 2,230
ZnS04*4H20 860
I KI 83 1
Na2Mo04*2H20 25
CuS04*5H20 2.5
CoC12*6H20 2.5
II NH4NO3 16,500 10
KNO3 19,000
III CaCl2*2H20 4,000 10
IV MgS04*7H20 3,700 10
V kh2po4 1,700 10
VI Na2EDTA 373 10
FeS04‘7H20 278
VII Inositol 1,000 10
Glycine 20
VIII • Nicotinic Acid 5 10
Pyr idoxine•HC1 5
Thiamin*HCl ' 1
IX IAA 20 10
X Kinetin 6.4 10
Sucrose 30 gm.
Bacto-agar 10 gm.
Table II. The medium used for cotton tissue culture. (After White, 
1943).
Flask Constituents
Stock Sol. 
g/liter
ml/liter
media
Ca(N03)2 2.0 100
NaS04 2.0
I KN03 0.8
KCl 0.65
NaH2P04*H20 0.165
II MgS04* 36.0 10
MnSO^ 0.45
ZnSO^ 0.15
III H3BO3 0.15 10
KI 0.075
CUSO4 0.002
Na2Mo0^ 0.021
IV Fe2(S04)3* 0.25 10
Glycine 0.3
V Thiamin*HC1 0.01 10
Pyridoxine•HC1 0.01
. Nicotinic Acid 0.05
Sucrose 20 gm.
Agar 7 gm.
^Solutions should be made up fresh immediately before use.
RESULTS
Difficulties were encountered in maintaining populations of 
the tarnished plant bug under the conditions used in this" study. 
Altogether three cultures and most of the fourth culture of caged 
insects were lost. High mortality was observed among the caged 
adults and even though active oviposition by the field-collected 
females occurred, nymphs hatching on the caged host plants were not 
observed to have reached the adult stage.
Difficulties were also encountered in growing new callus 
tissue in the early spring of 1966 and the spring of 1967. During 
this time, cotton growing in the greenhouse or early planted field 
cotton was used as the source of tissue placed on the culture 
medium. Very little or no callus tissue grew from the stem pieces 
from this cotton when placed on the culture medium.
Several attempts were made to identify the variables existing 
between the early spring and summer. As far as could be determined 
there were only two. First, there was the rapid growth and the high 
vigor of cotton growing in the summer while slower growth and 
reduced vigor characterized the cotton growing in the early spring. 
Second, a live steam autoclave was used in the summers of 1966 and 
1967 while an electric autoclave was used at times in the spring of 
1966 and altogether in the spring of 1967 for the preparation of the 
culture medium.
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The standard autoclave pressure and temperature was main­
tained in. both the live steam and electric autoclaves. The 
primary difference between the two was the rapidity at which this 
temperature and pressure was attained. The electric autoclave was 
slower in this respect than the live steam autoclave which was quite 
rapid in reaching the standard temperature and pressure.
Cotton callus tissue was successfully grown JLn vitro during 
the summers of 1966 and 1967 (Plates I and II). Once the callus 
tissue had grown in vitro for a period of time it appeared to grow 
indefinitely as long as it was periodically transferred to new culture 
medium and handled asceptically.
In some instances the callus tissue was successfully propa­
gated vegetatively when the tissue pieces were permitted to grow 
into large pieces before they were cut into smaller sections. The 
size of the subdivided tissue pieces seemed to greatly influence 
whether the tissue lived or died when placed on new culture medium.
A new tissue piece seemed to have a critical minimum size of about 
one-quarter inch square to survive, while larger pieces were more 
successful.
Histological staining and microscopic observation of the 
callus tissue revealed that some differentiation in the callus 
tissue had taken place (Plate V). The differentiation appeared to 
be simple xylem vessels which were heavily pitted. This type of 
differentiation was observed to be especially evident in the tissue 
grown on the-medium of Muraschige and Skoog (1962). .
The callus tissue growing or developing from the cotton stem 
pieces placed on the culture medium required a period of 3 to 4 
weeks before sufficient development occurred to permit the test 
insect to feed upon it. A cross-section of a piece of callus 
tissue was characterized by many small thin-walled cells containing 
a deep staining nucleus (Plate V). The cells in this tissue piece 
were somewhat irregular shaped, and they were considerably smaller 
than the parenchyma cells of the pith in the original stem piece 
(Plates VI and VII). Some differentiation of xylem vessel elements 
in the callus tissue was observed. In areas other than the areas 
of differentiation there was considerable overall uniformity in cell 
shape and in stain reaction. In the damage evaluation in histological 
studies the above conditions were considered normal.
In localized areas within the callus tissue piece, cells that 
appeared to be fragmented or broken down (Plates VIII through XVI); 
intact cells with cell walls exhibiting a differential staining 
capacity (Plates XII and XIII); or cells that appeared to be dis­
torted and disorganized (Plates XII and XIII) were considered abnormal. 
These abnormal characteristics on or within the tissue piece were 
considered to be indicative of feeding injury.
A subjective evaluation of injury caused by adult tarnished 
plant bugs feeding on cotton callus tissue indicated that mechanical 
and/or chemical injury resulted in localized areas within the tissue 
piece. Tables III through VIII give the subjective damage index of 
feeding injury for the test insects collected from the field and 
those caged on the various host plants.
These data indicate that the adults collected from the field 
and tested on the date of collection injured cotton callus tissue 
more severely than the test insects caged on the five species of 
host plants (Tables III and IX). This injury was characterized 
largely by extensive cellular breakdown in areas larger than mere 
mechanical breakdown could account for, and further injury was 
indicated by observing that cells adjacent to the- area of cellular 
breakdown were often stained more densely than cells further from 
the area. At times cells in adjacent areas appeared to be somewhat 
disorganized and more irregular in shape than normal. There was no 
significant difference between males and females in their ability to 
injure cotton tissue.
The injury caused by the test insects caged on clover was 
somewhat less intensive than the field collected adults, although 
the same types of injury were observed. At the .05 level of 
probability the females were more injurious than males. The differ­
ence between males and females was largely due to differences in the 
amount of cellular breakdown (Table IV).
Adults caged on Lepidium virginicum were less injurious than 
those caged on clover. Since only one male was tested from this 
host, no valid comparison between males or sexes could be made.
Less cellular breakdown was produced by the feeding of these 
insects than those collected from the field or the insects caged on 
clover (Table V).
Injury caused by adults caged on cotton appeared to be about 
the same as that of insects caged on Lepidium virginicum except that
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the feeding of three of the six females from cotton resulted in
very little cellular damage other than mechanical. Individual
differences among the adults tested had been anticipated and is 
quite evident among these females in Table VI. There was no signi­
ficant difference between males and females in their ability to injure 
cotton tissue.
Injury caused by the adults caged on Erigeron philadelphicus 
was considerably less than the field collected or clover caged 
adults, and they were less injurious than those insects caged on 
cotton and Lepidium virginicum. Less cellular breakdown and differ­
ential stain reaction accounted for most of the decrease in the 
damage evaluation. As in cotton, there were individual differences 
among the females in their ability to damage the cotton tissue, as
well as a difference in the damage potential of the sexes. Of the
insects caged on Erigeron philadelphicus, the males were more 
injurious than females at the .05 level of probability but not at 
the .01 level.
Adults caged on oats, the host plant which was considered to 
be atypical, were far less damaging to the cotton tissue used in 
this study than were the test insects collected from the field as 
well as those caged on clover, on Lepidium virginicum, or cotton.
One male caused considerable injury to the cotton tissue, while all 
the other insects tested caused only slight injury. The injury caused 
by 10 of these adults appeared to be primarily mechanical with little 
cellular breakdown and differential staining (Plate XV). There was 
no significant difference in injury between males and females.
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Some of the female test insects oviposited in the piece of 
callus tissue during the time they were confined in the feeding 
tube. Examination of the tissue in which the egg was placed indi­
cated the injury to be restricted to mechanical injury. There was 
no cellular breakdown produced other than mechanical breakdown, and 
there was no differential staining or cellular disorganization 
(Plates XVII and XVIII).
Statistical analysis on a completely randomized block design 
was used for the subjective damage evaluation. In summary, the damage 
evaluation indicated that there was a highly significant difference 
in the influence of previous host upon the ability of the tarnished 
plant bug to injure cotton tissue. Comparing males to females over 
all host plants, excluding the test insects caged on Lepidium 
virginicum since it had only one male test insect, there was no 
difference between males and females in their ability to injure 
cotton tissue.
Table XI summarizes the subjective damage evaluation of the 
insects used in this study. Results indicated that adult tarnished 
plant bugs collected from the field and those caged on clover caused 
more feeding injury to cotton callus tissue than adults caged on 
Lepidium virginicum, cotton, Erigeron philadelphicus or oats. The 
adults caged on Erigeron philadelphicus and oats caused the least 
feeding injury of all insects caged on the host plants, and this was 
especially true of those caged on oats.
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Table III. Tissue damage evaluation of field collected tarnished 
plant bugs.*
cT cf $ 9 9 9
Cells disorganized 1 1 1 1 1 1
Cells irregular shaped 1 1 1 1 1 1
Cells staining more 
than normal
3 2 2 2 2 3 2 2
Cells broken down 2 2 2 2 3 2 3 2
Surface injury 2 1 1 1 1 1 2 1
Total 9 5 5 7 8 8 9 7
Table IV. Tissue damage evaluation of tarnished plant bugs 
on white clover, Trifolium repens L.*
caged
& 9 9 9 9 9 9 9
Cells disorganized 1 1 1 1 1 1 1 1 1
Cells irregular shaped 1 1 1 1 1 1 1 1
Cells staining more 
than normal
2 2 2 2 2 2 2 2 2
Cells broken down 2 2 3 2 2 2 3 3 3
Surface injury 1 1 .-/ 1 1
Total 5 6 7 6 7 7 8 7 8
* 1 -. light 2 - moderate 3 - heavy
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Table V. Tissue damage evaluation of tarnished plant bugs caged 
on Lepidium virginicum L.*
cf 9 9 9 9 9 9 9
Cells disorganized 1 1 1 1 1
Cells irregular shaped 1 1 1 1 1
Cells staining more 
than normal
2 3 3 2 2 2 2 2
Cells broken down 1 2 2 2 1 1 1 2
Surface injury 1 1 1 1 1 1 1 1
Total 4 8 8 7 4 5 6 6
Table VI. Tissue damage evaluation of tarnished plant bugs caged on 
cotton, Gossypium hirsutum L., var. Stoneville 7A.*
cf cf cf 9 ? 9 9 ? 9
Cells disorganized 1 1 1 1
Cells irregular shaped 1 1 1 1 1 1
Cells staining more 
•. than normal
2 2 2 2 2 2 l 1
Cells broken down 2 2 2 2 2 2 l 1 1
Surface injury 1 2 1 2 1 l 1
Total 7 8 6 8 6 6 3 1 3
* i - light 2 - moderate 3 - heavy
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Table VII. Tissue damage evaluation of tarnished plant bugs caged 
on Erigeron philadelphicus L.*
cf cf 9 9 9 9
Cells disorganized 1 1
Cells irregular shaped
Cells staining more 2 2 2 2
than normal
Cells broken down 2 2 1 1 1 1
Surface injury 1 1 1 1 1 1
Total 6 6 4 4 2 2
Table VIII. Tissue damage evaluation of tarnished plant bugs caged on 
oats, Avena sativa L. var. Victorgrain.*
cf cf cf 9 9 9 9 9 9 9 9
Cells disorganized 1 1
Cells irregular shaped 1
Cells staining more 
than normal
1 2 1 ' 1
Cells broken down 1 1 3 1 1 1 1 1 1 1 1
Surface injury 1 1 1 1 1 1
Total 3 1 8 4 3 1 2 1 1 2 1
* 1 - light 2 - moderate 3 - heavy
Table XI. Summary of the mean damage index of adult tarnished plant bugs collected in the field 
and caged on different hosts.
Host cf Total Mean 9 Total Mean cf or 9 Total Mean
Field 4 26 6.50 4 32 8.00 8 58 7.25
Clover 2 11 5.50 7 50 7.15 9 61 6.78
Lepidium 1 4 4.00 7 44 6.29 8 48 6.00
Cotton 3 21 7.00 6 27 4.50 9 48 5.33
Erigeron 2 12 6.00 4 - 12 3.00 6 24 4.00
Oats 3 12 4.00 8 15 1.88 11 27 2.45
Total 15 86 5.73 36 180 5.00 51 266 5.22
DISCUSSION
This study concerning the influence of the previous host plant 
on the ability of the adult tarnished plant bug, Lygus lineolaris 
(P. de B.) to injure cotton tissue was undertaken as a continuation 
of studies begun in 1964. In the cotton growing season of that year 
certain injury symptoms appeared in cotton fields where high infesta­
tions of this species occurred. As a result of previous work on the 
physiology of the salivary gland secretions of this species it was 
evident that, at times during the growing season, some of the enzy­
matic constituents of the saliva were variable (Reid, 1965).
To provide a uniform plant substrate upon which adult test 
insects could feed and thus remove some of the variables encountered 
in the use of living plants, cotton callus tissue was grown in vitro 
on a defined artificial medium. Since the tissue grown in this 
manner was more uniform than would be expected of the tissue of 
plants growing in the field, much of the influence of stress and 
variable physiological condition was thought to have been eliminated.
The difficulties in maintaining populations of the tarnished 
plant bug in cages was an experience similar to those encountered by 
other workers who attempted studies with various species of Lygus, 
(Ewing (1929); Shull (1933); Sorenson (1939); and Jepson and MacLeod 
(1946) ).
As a result of these studies, it was evident that the previous 
host can influence the feeding injury of the tarnished plant bug.
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Injury to plant tissue after being fed upon by the tarnished plant bug 
appeared to be expressed by mechanical breakdown of some cells by the 
probing of the insects' stylets. Near this area of mechanical break­
down an area of local disintegration of cells which often appeared to 
have undergone chemical digestion was observed. Cells further removed 
from this localized area often exhibited a differential stain reaction 
which suggested that some substances of the saliva deposited in the 
tissue during the feeding process had caused a change in the cell wall 
of cells in this adjacent area. If the permeability of the cell wall 
is chemically changed so that solutes of the cell sap can move into 
the area of the insects' stylets, they would be available to be 
imbibed by the insect. Obvious changes in the cell walls in this 
area were indicated in some cases by the differential stain reactions.
The type of direct damage on the cellular level in the cotton 
callus tissue caused by the tarnished plant bug leaves no doubt that 
they can do more serious tissue injury after feeding on some host 
plants than others. However, this is probably not the complete situa­
tion under field conditions. The previous host, the insect, and the 
age and physiological condition of the cotton plant are probably 
involved in an interaction which influences the expression of injury 
symptoms and growth abnormalities observed in cotton.
An observation by Nuorteva (1962) that certain host plants sup­
port higher populations of certain injurious insects, probably is also 
very important in the expression of injury symptoms which vary from 
one locality to another on the same crop when the same species of ' 
insect is involved. Many factors can, at least in theory, greatly
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influence the injury symptoms in crop plants that have been observed 
and reported. These factors, the abundance of a potentially injurious 
species; the presence of various host plants which could influence the 
ability of the pest species to injure growing plants; and the crop 
plant response as influenced by its age and physiological condition 
at the time it is fed upon by the insect, may be important in the 
expression of injury symptoms by the crop plant.
The simultaneous action of these various factors, not just one 
factor or two, are only some of the several principles which con­
tribute to the complex phenomenon of phytopathogenicity. The apparent 
complexity of the role and action of the several phenomena associated 
with the expression of injury symptoms expressed in plants is impres­
sive.
Plate I. Cotton callus tissue growing in vitro after about three 
weeks growth.
Plate II. Cotton callus tissue growing in vitro after about eight 
weeks growth.

Plate IV. Feeding apparatus dissassembled.
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Plate V. Photomicrograph of normal cotton callus tissue with 
xylem vessel differentiation beginning in upper left 
corner.
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Plate VI. Photomicrograph of normal cotton callus tissue composed 
of small, thin-walled cells developing above larger pith 
parenchyma cells.
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Plate VII. Photomicrograph of developing callus tissue with beginning 
xylem vessel development at lower, center and showing pith 
parenchyma cells.
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Plate VIII. Photomicrograph of injured callus tissue showing a com­
bination of mechanical and chemical cellular breakdown 
primarily below the surface.
Photomicrograph of injured callus tissue showing a com­
bination of mechanical and chemical cellular breakdown 
beginning at the surface and leaving a crater.
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Plate X. Photomicrograph of injured callus tissue showing cellular 
breakdown, cellular disorganization and surface injury.
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Plate XI. Photomicrograph of injured callus tissue showing internal 
cellular breakdown.
Plate XII. Photomicrograph of injured callus tissue showing severe
surface injury, cellular breakdown, differential staining 
and disorganized tissue.
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Plate XIII. Photomicrograph of injured callus tissue showing severe 
internal cellular breakdown, differential staining and 
disorganized tissue.
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Plate XIV. Photomicrograph of injured callus tissue showing both 
external and internal cellular breakdown.
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Plate XV. Photomicrograph of callus tissue injured mechanically by 
the test insects' stylets.
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Plate XVI. Photomicrograph of callus tissue showing stylet injury 
and internal cellular breakdown with differential 
staining.
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Plate XVII. Photomicrograph showing an egg of the tarnished plant 
bug placed in callus tissue.
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Plate XVIII. Photomicrograph showing the callus tissue cells in 
the immediate area around an egg placed in callus 
tissue.
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